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RESEARCH MEMORANDUM

TRANSONIC FIUTTER INVESTIGATION OF TWO 64° DELTA
WINGS WITH SIMULATED STREAMWISE RIB AND
ORTHOGONAL SPAR CONSTRUCTION

By George W. Jones, Jr., and Lou S. Young, Jr.
SUMMARY

An experimental investigetion has been made in the Langley transonic
blowdown tunnel of the transonic flutter characteristics of two 6LC swept-
back delts wings. Each wing had simulated sbreamwise ribs and orthogonal
spanwise spars, but one wing hed a different stiffness and mass than the
other. Flutter was obitained on the more flexible wing at several Mach

nubers from 0,79 to 1.28 and on the stiffer wing at Mach numbers from
0.8% to 0.97.

At & given Mach nuwber, the value of the mess ratlo at flutter dif-
fered for the two wings by & factor up to 2, but the data were correlated
by use of a parameter consisting of the flutter-speed coefficlent divided
by the square root of the mass ratio. As the Mach nurber was increased,
the dynamic pressure reguired for flutter and the flutier frequency
increased by a factor of about 2 at a Mach number of approximately 1.05;
this increase is interpreted as a change in flubtter mode. Reference
flutter speeds were calculated by use of streamwise two-dimensional
incompressible aerodynamic coefficients in a coupled modal analysis.
These calculataed flubtter speeds were too high for the low-freguency
flutter mode by 11 to 28 percent and too low for the high-frequency
flutter mode by 11 to 35 percent.

INTRODUCTION

Although delta-wing plan forms are in presenb-day and projected use
for bigh-speed aircraft, little is known sbout the transonic flutter char-
ecteristics of this type of wing configuration. An exploratory investi-
gation has accordingly been made in an sttempt to define some of the tran-
sonic flutter problems of delta wings. The investigation, which was made
in the Lengley transonic blowdown tunnel, ‘¢ongigted of transonic flutter
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tests on a 64° delta-wing plan form (aspect ratio about 2) vwhich simu-
lated in a crude manner one of several genersl types of delta-wing
construction in present-day use.

The model construction simulated spars normal o the fuselege plane
of syrmetry and streamwise ribs. Flutter points were cobtained in the Mach
number range fram 0.79 to 1.28 with the model cantillever mounted at zero
angle of attack without body freedoms. The effect of variations in the
mass retio was determined at subsonic speeds by use of a second, stiffer
model which also had simulated streamwise ribs with orthogonal spars.

The results of the investigation are presented hereir together with
a comparison of the experimental flutter speeds with those calculated by
a simplified method. Also included is a comparison of the measured vibra-
tion modes with those calculiated from measured structural influence
coefficients.

SYMBOLS
a streamvise distance from strip reference axis to strip
center-of-gravity location, positive if center of gravity

i1s behind reference axis, ft

b streamwlse strip semichord passing through influence coef-
ficient stations on strip, £t

br reference wing streamwise semichord, mean geometric exposed
semichord, Tt

Ty measured coupled natural frequencies (i = 1, 2, 3, or L), cps

8h structural damping coefficient in bending

hy contribution of the ith linearized mode to nondimensional

vertical displacement of a wing strip reference axis
(1 =1, 2, or 3)

I;5 mass moment of ilnertia of streamwwise wing strip of width &
gbout the strip reference axis, slug-ft2 .

M Mach number
md mass of a streamwise wing strip of width &, slugs
mg mass of wing sections (s =1, 2, 3, . . ., 20), slugs, (fig. %)

dynamic pressure, % pVe, Ib/sq It

Te]
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Sad

static mass moment of streamvise wing strip of width & sbout
strip reference axis, positive if center of gravity is
behind reference axis, slug-ft

ratio of wing thickness to streamwise chord

free-stream velocity, ft/sec

flutter-speed ratio, ratio of experimental flutter speed to
calculated, or reference, flutter speed

streamwise distance from leading edge to center-of-gravity
position, fraction of streamwise chord

vertical deflection of wing

vertical deflection of wing at a point where an influence
coefficient was measured (s = 1, 2, 3, o« « «5 20)

contribution of the ith linearized mode to torsional deflection
of a wing strip about the strip reference axis (i =1, 2, or 3)

width of wing strip used for reference fiutter-speed calcule.-
tions, I

nondimensional distance zalong exposed wing span,

Spanwise distance measured from wing root
Length of exposed span

Exposed panel mass

mess-ratio parameter,
(Exposed panel span)(stp‘bra)

sweepback angle of leading edge, deg
air density, slugs/cu ft
angular frequency of flutter, radians/sec

angular coupled natural frequencies, &rrfi s radians /sec

angular coupled predominately torsion frequency, w3,
radians/sec
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Subscripte:
e experimental vslues
R celeculated values

MODEIS

Wing Geometry

A sketch of both delta wings showing plan forms, basic dimensions,
and construction is given in figure 1. Each wing had a leading-edge
sweepback angle of approximately 64C and tips clipped along streamwise
lines. The wing sections had a rounded leading edge over the first
L percent chord, straight parallel top and bottom surfaces to 85 percent
chord, and a straight taper on top and bottom from 85 percent chord to
& sharp trailing edge. Along the spen esch wing panel had a nearly con-
stant ratio of thickmess to chord except that near the tip the thickness
retio increased somevhat. (See fig. 2.)

Wing Construction

Esch of the wings was constructed from a blank of 202k aluminum
alloy which was shaped into two panels, as described in the previous
gectlon, with an integral mounting block, &s shown in figure 1. One
panel of each wing was modified so as to roughly simulate spars normal
to the fuselage plane of symmetry and streamwise ribs. The formation
of the simulsated ribs and spars was accomplished by cubtting a pettern
of circular holes, some of which were connected by streamwise saw cuts,
through the solid 2024 wing panel. On both medified wing panels the
holes and cuts were filled with lightweight, low-stififness foam plastic
end wrapped with a sheet of 0.003-~-inch-~thick fiber glass. Figure 1 shows
that wing 2 has a pattern of streamwise saw cuts which is different from
thet of wing 1. The difference in patterns of the saw cuts changed the
nurber and location of the simulsted spars and, along with a slightly

greater thickness for wing 2, resulted in wing 2 being stiffer than wing 1.

Wing Physical Parameters

Measuremerts were made on wings 1 and 2 of the first four coupled
natural frequencies and node lines, the exposed panel mass, and the
structural damping coefficient In bending. Values of the structural
damping coefficient were determined from the decrement of free-bending
vibrations in still air. The measured fregquencies and node lines which

CE—
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are nresented in figure 3 were obtained by use of an electromagnetic
shaker mounted close to the root (see Tig. 3); sprinkled salt crystals

dep1cted the node lines st the natural frequencies. On the basis of
repeatability of the data the measured frequencles have an accuracy
which varies from sbout 1 percent for the lowest frequency to &bout

2 percent for the fourth frequency. The calculated node lines and
frequencies of wing 1 which are shown in figure 5 will be discussed
subsequently.

Structural influence coefficlents were measured at 15 poinits on
wing 1. The values of the influence coefficients cobtained are given
in teble I(a). The points &t vwhich the influence coefficients were
measured are shown in figure &4 which will be discussed in more detail
later.

Each influence coefficient was obtained in the following manner:
The wing was Tirmly clamped in a horizontal plane to a massive mount.
A traveling overhead support held a depth micrometer which was used
to measure the deflections of the wing. The micrometer could be read
directly to the nearest ten-thousandth of an inch and interpolated to
the nearest 1Ity—uhousanntn of an inch. In order to ascertaln when
the pointed end of the micrometer (radius @bout 0.015 inch) touched
the wing surface, a direct current electrical circuit containing a
neon test lamp was rigged between the wing surface (which was coated
with a conducting silver paint) end the micrometer point. When the
point touched the wing, the neon test lamp 1it and a reading was taken.
A spark jump as.the point neared the wing was virtuaslly eliminated by
a high resistance in the circuli. A micrometer reading was made of the
wing position with no load on the wing, then a weight was hung at the
desired station and another reading was teken. The loading-deflection
reading procedure was repeated several times for each Infiuence coef-
ficient. The deflections thus obtalned were avereged and then adjusted
to give defdection per unit load.

For use in frequency calculations the matrix of teble I(a) was made
symetrical by the following procedure: Each influence coefficient of
table T(a) was weighted (multiplied) by the nurber of deflections averaged
to obtein it. Then the sum of each weighted pair of supposedly reciprocal
influence coefficients was divided by the total of the weighting factors
to give the final influence coefficient value. Influence coefficients at
five additional stations (fig. 4) near the root were interpolated from the
adjusted measured values and assumed zero deflection at the root. The final
matrix of adjusted and interpolated influence coefficients used for fre-
quency calculetions is given in teble I(b). Ia table I(z}, T8 percent
of the off-diagonal elements were within 3 percent of thelr corresponding
adjusted values in table I(b), and 92 percent were within 6 percent.
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Atter testing, the exposed modified panel of wing 1 was cut into six
streamwise strips; and the maess, the mass mament of inertia gbout the
assumed strip reference axis, and the center-of-gravity locetion of each
strip were determined. The methods used to measure these paremeters are
discussed in reference 1. Each of the wing strips was then cut into
sections associated with the influence coefficlents and the masses and
center-of~gravity locasbtions of the sections were determined.

The division of wing 1 into strips and sections, the polnts at which
influence coefficients were measured and inferred, the assumed strip refer-
ence axes, the sectlion center-of-gravity locations, and a list of section
masses are given in figure 4. Tsble II gives physical parameters of the
wings as follows: Table IT(a) lists some basic physical properties of
wings 1 and 2; teble II(b) lists the measured mass properties of wing 1;
and table IT(c) lists some computed deflection properties of wing 1 which
will be discussed subsequently.

AFPARATUS AND TESTS

The instrumentation, tunnel characteristics, and testing technique
are described in detall in reference 1l; only a brief description of these
items is given in the following paragraphs.

The flutter tests were mede in the Iangley transonic blowdown tunnel
which has a slotted octagonal test sectlon measuring 26 inches between
flats. During the operation of the tunnel, a selected Mach number from
subsonic Mach numbers up to supersonic Masch numbers of asbout 1.4, which
1s set by an orifice plate downstream of the test section, can be held
approximately constent (after the orifice is choked) while test-section
pressure, and thus density, is varied. The density range is approximately
0.00L to 0.012 slug per cubic foot.

The delta-wing models were canbilever mounted gt 0° angle of attack
in a ¢ylindrical sting fuselage mount which covers the mounting block
shown in figure 1. The sting fuselage mount extends without change of
diameter into the subsonic-flow region of the tunnel and thus prevents
the formation of bow shock waves which might reflect from the walls onto
the model. The fundamentsal bending frequency of the sting fuselage mount
with model attached is approximately 15 cycles per second.

Basically, the instrumentation was as follows: Wire strain gages,
located as shown in figure 3, were used to Indicate model deflection sbout
two different axes. A recording oscillograph was used to obtain contin-
uous records of the strain-gage signels, tunnel stagnetion temperature and
pressure, and test-section static pressure. The records of the strain-
gage signels were used to determine the start of flutter and the frequency

of wing oscillations.
R
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The Mach nmumber range over which flutter was obtained on the wings
was from 0.79 to 1.28, but an attempt was made to flutber the wings at
Mach numbers up to 1.35 and dynamic pressures up to 4,500 lb/sq ft.

ANATYSTS

Calculation of Frequencies and Mode Sheapes

The symmetrical matrix, teble I(b), of adjusted and interpolated
influence coefficlents measured on wing 1 was put into the matrix equabtion:

{ys} = oy 2[1] [ms] {Ys} (1)

vhere I is the matrix of influence coefficients. Equation (1) wes
solved for the frequencies of the first three coupled natural vibration
modes and for the nondimensional vertical deflections of each of the

20 influence-~coefficlent stations of wing 1 in these three modes. As
shown in figure 4, the 20 influence-coefficient stations of wing 1 were
generally not located exactly at the center-of-gravity positions of the
influence~coefficient secktions. As a check, a matrix of influence coef-
ficients at the center-of-gravity positions of the wing sections was
inferred graphically from the values of table I(b) and is presented in
tgble ITI. The matrix equation (eg. (1)) using this matrix was solved
for the frequencies and wing section deflections of the first four natural
vibration modes. A comparison of the measured frequencies with the two
sets of calculated frequencies follows:

Results using Results using
Measured. influence coefficients | influence coefficients
Mode | frequency, of table I(b) of teble III
s
? Frequency, | Deviation, | Frequency, | Deviation,
cps percent cps percent
First 108 107.9 -0.09 108.7 0.65
Second 253 21k -15.3 243 -3.8
Third 342 361 5.5 370 .1
Fourth L T Le3 -5.7

From each set of frequency and deflection calculations on wing 1,
the node line associated with each calculated frequency was cobtained
graphically from cross plots of the computed deflection of the wing in
that mode. The computed node lines which are shown in figure 5 appear to
be in good agreement with the measured node lines.
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In figure 5, plots of the calculated vertical deflections of each
wing strip of wing 1 in the first three coupled modes computed from the
influence coefficients of table I(b) are presented (dashed lines). The
deflections shown have been normalized by the extrapolated deflection of
the tip of the guarter-chord line. The deflection curves show marked
chordwise bending in the second and third mode for some of the strips.
In order to simplify the theoretical flutter-speed calculations the chord-
wise bending of the strips was removed by fitting a root-mean-square
straight line to each of the strip deflection curves (solid lines in
fig. 5). Since strip 5 has only two influence coefficient stations and
strip 6 has one influence coefficient station and an extrapolated slope,
the calculated snd linearized deflection curves for these strips in
figure 5 coinciae.

The vertical translation of the strip reference axis and rotation
ebout the reference axis for each wing strip as obtained from the linear-
ized deflection curves are presented in table II(c) for each of the first
three coupled modes. The values in table II(c) of the angular deflection
gbout the strip reference axes are normalized by the extrapolated values
of the angular deflection of the streamwise tip chord gbout the tip of
the guarter-chord line.

Calculation of Reference Flutter Speeds

Theoretical or reference Iflutter speeds were calculated for wing l.
Trese reference flutter speeds were corputed by the use of streamwise two-
dimensional incorpressible aerodynamic coefficients in a coupled modsl
analysis. The frequencies used in the analysis were the first three meas-
ured couvied natural frequencies and the mode shapes used were those of
table IT(c) which were obtained as discussed in the previous section.

The influence coefficient stations on each strip lie aslong & stream-
wise strip chkord as shown in figure 4. Each strip reference axis is the
line normal to thils strip chord at its quarter-chord point. In the ref-
erence Zlutter-speed snalysis, since the strip reference axes were effec-
tively the sare as if the wing quarter-chord line had been chosen for the
reference axis, there was a simplification in the aerodynemic terms.

The eguations of rmotion and the procedure for computing the coeffi-
cients of the flutter stability determinant are given in the appendix.



NACA RM 156127 6 ] 9
RESULTS

General Comments

For each of the flutter points only the modified wing panel fluttered.
The other panel of solid 202k aluminum was tested simultaneously, but it
was too stiff to flutter in the density range of the tunnel.

The operating characteristics of the tummel were such that freguently
during a single test run (a test run is defined as one operation of the
tunnel from valve opening to valve closing) the tumnel operating curve of
dynamic pressure as a function of Mach number Intersected the wing
flutter-boundary curve of dynamic pressure required for flutter against
Mach puniber more than once. In such instances, each point of intersection
is presented in the data.

Slightly more than helf of the start-of-flutter points were readily
determined from the oscillograph records. Each of these starts of flutter
was characterized by a change from random wing motion to continuous sinus-
0idal oscillations accormpanied by an increase in oscillation amplitude.
For these flutter points, when both sets of strain gages were operaiting,
the frequencies of both strain gages were the same at the start of flutter.
For the remainder of the flutter points a period of intermittent sinus-
oidal type of oscillatlon preceded continuous flutter and obscured The
exact start of flutter. Such pericds are designated low-damping regions
‘as In reference 1 inasmuch as the sum of the aerodynamic and structural
damping is near zero. Where low damping occurred, two data points were
selected: one point near the start of the low-damping region and the

ther near the start of continmucus flutter following the low-damping
region., Both deta points are presented in the tables and figures.

Presentation of Data

The results of the investigation are listed in table IV. The first
four columns of the teble contain a description of the chronological
behavior of the wing during each test run. The first column gives the
wing ldentification number, the second columm the number of the run,
and the third column the chronological nuriber of each data point during
each run. The fourth column contains code letters (defined in tsble IV)
which describe the behavior of the test wing panel at the time of each
data point.

Some of the experimental results tabulated in teble IV are plotied
as functions of Mach number in figures 6, T, and 8 for both wings 1
and 2. Figure 6 is a plot of dyneamic pressure at flutter; figure T is

Ve
-Dr“"’a.‘/g;
ORGSR

a plot of the parameter ; end figure 8 is a plot of the flutter
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frequency normalized by the third netural frequency, which is designated
ag the predominantly torsion frequency. It should be noted that for the
point at Mach nurber 1.28 in figure 7 the corresponding ratio of Lfrequen-
cies has not been plotted in figure 8 because the flubtter frequency was
not obtained. A typical history of Mach number end dynermic pressure
during a tunnel rum is shown for wing 1 in figure 9. Experimental results
norralized by analytical results are shown for wing 1 in figures 10

ard 11. Figure 10 shows the variation of flutter-speed ratio with Mach
nuriber and figure 11 depicts the corresponding variation of the ratio of
experimental to calculated flutter frequency with Mach number. In
figures 6, 7, and 10 the low-damping regions are indicated by dashed
lines which extend from the start-of-low-derping point (marked only by
the lower erd of the dashed line) to the continuous-flutter point (marked
by a symwbol at the upper end of the dashed line).

DISCUSSION

As shown in figure 6, flutter was obtained on wing 1 at Mach numbers
from 0.7S to 1.28 and values of dynemic pressure from 878 to 4,296 1b/eq ft.
Wing 2 was stiffer and slightly heavier than wing 1, so that the dymamic
pressure required to flutter wing 2 was nearer the upper limit of the
tunnel dynamic-pressure range., Consequently, only four flutter points at
Mech numbers from 0.8L to 0.97 were obtained on wing 2 although it was
attempted without success to flutter wing 2 at Mach numbers up to 1.2
with dynamic pressure up to about 4,500 Ib/sq ft. The dynamic pressure
required to flutter wing 2 at a given Mach number was ebout double that
reguired for wing 1. (See fig. 6.) Table IV shows that at a given Mach
nurber the density and hence the flutter mass ratioc p differed for the
two wings by a factor up to 2. (Compare, for instance, the values of
wing 1, run 13, point 2 with those of wing 2, run 2, point 2 in
table IV.) Tt can also be seen from figure 6 that for wing 1 at low
supersonic Mach numbers there is a very sharp rise in dynemic pressure
required for flutter. These data can be discussed with more facility
by making use of figure 7. In figure 7, for the two wings investigated,
the data obtained are shown to be correlated by the parameter

Ve
I EEee— ]
brabwﬁg

that, at a given Mach nurber, the flutter-speed coefficient

which was also employed in reference L. This fact indicates
Ve
Dyt

for the tuvo wings varies nearly linearly with the square root of the
mass ratio for these tests. Figure 7 shows for wing 1 at a Mach nurber
Ve

by e

of gbout 1.05 a sharp rise in which corresponds to the similar

TR
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rise in de in figure 6. This sharp increase is intexrpreted as a change

in flutter mode. Additional evidence that this shift represents a change
in flutter mode is presented in figure 8, which shows a distinct jump in
the ratio of flutter frequency to torsion fregquency at the same low super-
sonic Mach nurnber as the shifts in figures 6 and 7. Similar shifts in
flutter mode on a delta-wing model are reported in reference 2.

The possibility exists that a second shift In flutter mode on wing 1
may have ,occurred at a Mach nurber of 1l.24 as evidenced by a large jump
in dynamic pressure at flutter (see Tig. 6) and frequency of flutter
(see fig. 8). The frequency ratio for the point at Mach number 1.28 was
not shown since the frequency was not obtained from the record; however,
the dynemic pressure at flutter for this point is given (fig. 6). The
data aveilable are insufficient to draw a conclusion and the faired
flutter bourndaries of figures 7 and 10 are drawn as though a second shift
in flutter mode did not occur.

The values of the flutter freguencies of wing 1 in the low-fregquency
flutter mode (175 cps to 204 cps) are between the measured first and second
natural coupled frequencies, whereas the frequencies of the high-frequency
flutter mode (375 cps to 417 cps) are, with one exception, between the
measured third end fourth coupled natural frequencies. The one exception -
wing 1, run 10, point 4 - shows a flutter frequency of 500 cps.

Special note should be taken of the regime below the flutter boundary
for the high-frequency flutier mode. During the tests, because of the
tunnel operating cheracteristics, a start and stop of flubter in the low-
Ifrequency mode was always obitained before flutter in the bhigh-frequency
mode was encountered. This sequence of wing behavior is illustrated in
figure 9 which is a history of tunnel dynemic pressure and Mach number
during tunnel run 1l on wing l. The circled points in figure 9 are tesken
from the deta given for run 11 in teble IV.:' On every run, as dynamic
pressure increased in the regime between the stop of flutter in the low-
frequency mode and the start of flubter in the high-fregquency mode, scme
random and intermittent oscillations were noted which were followed by
a significant intermittent response of the wing +o tunnel turbulence
(fig. 9). These intermittent oscillations of the wing were of approxi-
mately the same frequency as the low~frequency flutter mode. As dynamic
pressure increased, intermitient oscillations of the wing at a frequency
near thaet of the high-frequency flutter mode superimposed on the low-
frequency oscillations and gradually replaced them (fig. 9). After the
high-frequency intermittent oscillationms, flutter in the high-frequency
mode began and continued up to the highest value of turmel dynamic pres-
sure reached during the run.

The reference flutter speeds calculeted Tor wing 1 as described in
the "Analysis" section had severel limitetions: The use of two-dimensional
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aerodynamic coefficlents was unrealistic on such a low-sspect-ratio,
highly swept delta wing. The serodynamic coefficients were also
incorpressible ones which precluded the possibility of predicting the
change in flutter rode which was probably caused by changes in aerodynamic
loading with Mach nunber. In addition, the effects of chordwise bending
on the aerodynamic forces, as well as on the inertia and elastic forces,
were neglected. In this connection, it might be pointed ocut thet the
neglect of chordwise bending distorted the true mode shapes and destroyed
the orthogonality relationshilp so that the off-diagonel terms of the mass
meatrix which were considered to be zero were ectually not zero. Only the
first three coupled modes were used in the analysis. Since the freguency
of wing flutter in the high-frequency rode was, with one exception, between
the frequencies of the third and fourth coupled modes it might be expected
that, in addition to the use of correct aerodynanmic coefficients, the
inclusion of chordwise bending and the fourth and perheps higher coupled
modes in the analysis would be required to predict the flutter character-
istics. The Inclusion of chordwise bending might also have lmproved the
correlation at low Mech numbers.

In figure 10 the flubtter-speed ratios for wing 1, which were cbtained
by dividing the experimental Tlutter speeds by the reference flutter
speeds, have an average of about 0.72 at Mach nurber 0.80. The flutber-
speed ratios increase with Mach number to a value of approximately 0.90
at Mach number 1.05 vhere an abrupt shift in Ve/Vh to a value of &gbout

1.1% occurs. After the shift, which is sbttributed to the change in
flutter mode, the flutter-speed ratios increase steadily with Mach nuber
t0 a value of sbout 1.35 at Mach number 1.28. As shown by the flutter-
speed ratios of figure 10, the reference Flutter speeds were too high
(unconservative) Ffor the low-frequency flutter mode by 11 to 28 percent
and too low Ffor the high-~frequency flutter mode by 11l to 35 percent.

Figure 11 shows that agreement between experimental and calculated
flutter frequencies in the low-frequency flutter mode (values of “b/hh
around 0.95) is somevhat better than the agreement between experimental
and calculated flutter speeds. However, in the high-~frequency flutter
mode the calculated flutter frequencies were much too low as shown by
values of w,/wy of sbout 1.9.

CONCLUSIONS

Trom a transonic flutter investigation of two 64° sweptback delta
wings having streamwise ribs and orthogonal.,, spanwise spars but different
stiffnesses and masses, the following conclusions were cbtained:
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1. At a given Mach number the values of the mass ratio for the two
wings differed by a factor up to 2, but the data were correlated by use
of the parameter consisting of the flutter-speed coefficient divided by
the square root of the mess ratioc.

2. On the more flexible wing both the dynamic pressure required for
flutter and the flutter Trequency suddenly increased by a factor of about
2 at a Mach number of approximately 1.05: This increase is interpreted
as & change in flutter mode.

3. Reference flubtter speed calculations made for the rmore flexible
wing using streamwise two-dimensional incompressible serodynamic coef-
ficients in a coupled modal analysis were too high for the low-frequency
flutter mode by 11 to 28 percent and too low for the high-frequency mode
by 11 to 35 percent.

Iaengley Aeronautical Lseboratory,
National Advisory Commititee for Aeronautics,
Langley Field, Va., September 13, 1956.
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APPENDIX
EQUATTONS OF MOTION FOR REFERENCE FLUTTER-SPEED CAICULATIONS

The equations of motion used for the reference flutter-speed calcu-
lations are derived in reference 3 znd sre as follows:

' )
Al[l - (%) 1+ isl)] + C11p 8y + C1pfp + C3383 = 0

2
(1 + igz)] + Coppbp + Cpsts = 0

Cporba + Ael: - (%2-)

W2
Cs18; + Caplp + A5[1 - (33) (1+ ig3)] + Caf by = O

where gﬁ(t) = gi Aelwm is the generelized coordinate which 1s & function
— ,U

cof time, the amplitude of which expresses how much of each normal mode is
ircluded in the general vibratory motion.

The necessary and sufficient condition that solutions for the simul-
taneous eguations of motion exist (other than 51 = Eo = §3 = O) is that

the determinant of the coefficients eguals zevo,

The coefficiernts in the equations of xotion may be broken down &s
follows:

A1=q:l+f;p2+cp3
Ap = @y + 05 + 9g
Az = @7 + Og + Pg
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where the values of

LSOMRMBRRAN 15

® for wing 1 are as follows:

2 . 2, .
Py = Z mh, 8 = 0.00011499 5 = Z L8258 = 0.00000024200
Py = z Immlaa = 0.0000018522 P = 2 z S hotsd = =0.0000027734
@5 = 2 Z Seh1ay® = 0.00001211% @ = Z mh;"8 = 0.000059833
Py = > w5 = 0.0001086k %g=y TS50 = 0.000015351
Py = 2 Z S fizasd = =0.000026389
and the summations are over wing strips 1 through 6. The cij terms
are:
B -
F Gy f L Fr Gy
Ciy = wP|®] - Es o + =@ -1(——@ + =90z + =0
1 17°62% Kk D Ky b TR O3 kp2 2
B ]
i Gy 1 Fr Gr
c = 5P|l - L= O + — &5 - 1(—— == Py + L= D
12 5 1,2 6 Ky 7 K 8 Tk, 1 kr2 6)_
- Py 1 Gp
T, Gy G
T K
K Fr r Fr Gy |
| r kp .
F Fr r 1 F G. |
= - L £ = X r
Ca3 = ™0 190 = =5 %1 * i~ %2 l(kr 23 * 5, %22 * %2 ‘1’21_)
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[ r

Gy 1 F G
Czy = 7P| 0g - Efz ooy + k. 005 - lCE; ®og + Ef Pos + Efg qu)]

Czo = mp| 3 Fcp G@ i o +F¢ +G’"¢
32 P[220 2 o7 t 28 Iy, 229 28 kr o7

F

Gy 1 FL Gy i
035 = 7P| 930 = "7 %51 * g, E %32 - LS 0535 tE %2t 3 e 2 5 031
‘I'

where F, and G, are the Theodorsen functions corresponding to ’1:;'
r

b
and kyp = —\I;—w and the values of ®@; for wing 1 are as follows:

= - 1 2 3
¥ =Pr0* P2 * ‘81 ®15 8y = Pp5 + 5 Py + 5 Pzg + § Pay
= 0.00049930 = 0.00018040
2, = 2b,%,, = C.00056098 o, = 2b, %9, = ~0.00055175

05 = 2'br(q)ll + 9, 3) = 0.0021970  ©q; = zbr(qn% + ‘1’28) = 0.00062875

0), = or(2915 + cplé) = 0.00015015 9, = by, (cp28 + cp52) = ~0.00025036
& = +l +.J_-. +-5—O 0] —2‘2 = =0.000254
5= Ppp T3 P9t 5Pt 53 05 = 20, Py = ~0.00025357

= ~0.00033548
O = 2b. 9., = 0.00032259 0., = 2b (o + )- 0.0009L35k
6 = » P = L. oY 1 = +\218 @55 = =0. oL35

- ]

3y = b, (cp20 + cpzh_) = 0.000066768 0 = P55 + P57 + § Pyq = 0.00044528
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2

218 = (05 + 055) = 0.0014210  0ug

oyg = b, <<p58 + q:h_l) = -0.000022526 %,

_ L1 1 3 _
%20 =P + 5P + 5Pyt T g O%g =
= ~0.00012882
0] —2b2 = 0.00078900 q =
21 = “Pp Pyg = 0.0007 29 =

2b., <<p26 + q95o) = 0.0011821
br(q)50 + cp52) = 0.000026320
25,955 = 0.00017780

20, (@5 + O5p) = =0.0003260k

b, (95p + Pyg) = 0.0000177%6

®,, = 2by (cp,+3 + cp)+5) = 0.00017566 25 = 9oy + Psg + % P5 = 0.00012599

D5 = bp(Pys + Pyg) = 0.0002686k @

2
2, = 2b, 05 = 0.00029982 %, =

N
N
!

The following velues of @ for wing
(the summations are over strips 1 through

.y = z b2h128 = 0.00042157 Pq), = Z
®q = Z bh 28 = 0.0039323 )

Ppp = 2 b3h a8 = 0.000071649 P

Py = z b%h,0,8 = 0.0005150k P17

GERRNTE

2b,"Dgg = -0.00036476
20, (95 + @s7) = 0.0004408%

= br((ps._[ + q)60) = =0.000020573

evaluated from table IT

bhyay® = 0.00L5975
bll-a.l %s = 0. 000016207
02,28 = 0.000092856
2

©7h, h28 = ~0.000310Lk0
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P21,

Poo

('925

Poy

E bhihod = -0.0014930
Z b2h, b
Z b2h1m28

> bhyagd = 0.0026438

0.000026839

|

0.00023751

) Phen® = =0.00008047T
Z bl*almaa = 0.0000046340
2b3a,1cx.25 = 0.000032808

2 s
3 vhyhsb = 000025453

thlhBS = 0.0020758

)}

-0.00015097

Z b5h1a38
Z b2h1a38

thl“z.a = ~0.0045219

-0.00080303

[

0.000056820

Z b3113a,15
Z buor.lc%&

be‘m1 a.35 -0.00021057

-C.CO0045483

|

1

®33
Pz
®35
36
P37

x0

Pyl

Puo

@u6

NACA RM I56I27

2 _ ,
Z b%h,0,5 = ~0.00041701

-0.0020863

z bh B
E b2‘n226

> vho® = 0.0029824

0. 0006581

Z b5h20r.2'6 -0.000021208

2 =
Z b°ha,8 = -0.00010595

Z bh,a,8 = -0.00022138
Z bl*a,zas = 0.0000017402
D tYay% = 0.000014730

Zb2h2h55 = ~0,00025049
Z‘nh2h35 = -0.00078501
Z b5h2cc35

z b2h2a35

D bhase = 0.0064663

0.00023529

0.0011406

= E 3 = 5
Py = b n5or.26 = 0.,000015340
e
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Pug = Z b 58

= _0.000009725)+ (p5)+ = Z b2h325 = 0.000211-)4—09
g Z b3cc2a,35 = -0.000052972 P55 = Z bh326 = 0.0016278
- 2 - = 3 = =
0= 3 b Bsa® = 0.00051713 %56 = > b B32.8 = -0.00017757
Py = th3a18 = 0.0024572 Psep = Z b3h30.8 = ~0.00073542
Psp = Zb2h5a25 = 0.00012502 g = Y bhsasd = -0.00208g
Orr = bhsa8 = 0.0014572 Onp = Z v¥a 35 = o 00015805
53 3% 59 %3 .
P = Zb3a32a = 0.00065213
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TARLE I.~ INFLUENCE COEFFICIENTS ON WING 1

Deflection Loed Toints

int:

Pointa 1|2|5|u|5l6|7|6|9|10|11|12]15|1u|15|16|17|10119|20

: (2) Measured inflnence coefficients, % x 107
2
2
3
i
5
6 3,50 |2.03 | 0.907 | 0,611 | O.lhl | 4,41 | 2.13 | L7 0.8%2 | 3,40 L.90 | .62 | 2.8+ 3.00 2,95
7 L,88 3.3 |75 |l 69 | 745 | k0B | 2,92 1.33 52 L3k | 3,02 | v.a2 5400 8.50
8 82 2.7 [ k42 [2.36 | 1.78 | 5. 8.42 | 6.64 5.2 |12.2 10.8 8,07 | 4.5 13.2 1h.6
9 662 1102 | 235 [hT5 [ 5.64 |22 | 6.62 | 12,8 1h.6 10.3 15.3 | 213 | 19.1 31.3 29.8
10 J28 | L7653 | 1.63 | 5.38  [u0.3 1.50 | 3.48 | 16.% 50.0 T4 | 20.9 | 5.7 | 2.8 55.08 .8
1, .28 |7.45 | 4.88 |2.61 | L5358 [20.2 [15.2 8.67 5.20 | 27.0 17.2 | 1L.7 | 27.5 20,2 26.6
12 2.k0 |4.65 | 8.05 |64 | k00 [15.0 |e1.6 | i7.8 15,1 39.0 36.2 | 29.0 | 52.2 LL.7 5h.9
13 1,25 |2.60 | 6.22 [12,8 [15.7 8.42 [19.9 | 36.8 h2,5 36.2 60.2 | 72.2 | 79.5 99.2 hAT
L1 <785 |1 | 438 [1h.9  [L0.6 558 |18 | 45,8 |13 7.5 70,3 175 95,3 200 202
5 331|649 1.5 0.2 7.05 [28.0 Jua.k | 36.9 21.7 B2.9 75.0 | 58.8 l109 97.5 15
16 185 kM [101 [16.7 |e0.2 [16.9 |38.2 | 60.2 L1 T0.5  |120 136 100 209 260
17 132 [3.28 | 7.9 |0.8 [s0.6 [11.3 [eB.6 | 70.8 [17h 57.8 135 328 202 455 %13
18 5.05 |6.72 [th,o [20.2 |25.8 |7l |Sko | 828 | 95,5 U0 188 (202 |37 3h8 L
19 2,5 [538 [13.0 [28.3 [%6.8 |2l.2 |7.5 |102 20), 99.2 |22 hse 554 833 1,170
20 2.80 |7.08 [1k.2 [29.5 [|52.7 |42 S48 122 202 110 254 505 468 1,200 1,950
(b) AdJusied and interpoleted influence cosflicients, % X 105

1 0.125 [0.1200}0.0830 [0.00667 [0.000835] 0,220 |0.153 |0.06%0 | 0.0580{ 0.0325} 0,221 | 0.150] o0.0875] 0.0650( 0.199 | 0.133| 0,090 0.175 0.173 0,27k
2 .08} .0370| 0217 | .0208 | .167 | .2%0 | .108 Jake |o.o7m0] Jar | .o50)  L167 .158 367 333 W150| WD 358 383
] 2125 | 0292 | .00833 | ,ohl7 | .0853| .225 Lhe | W08 | L225 | W7 WBLT 250 583 358 553 Whe5 ko8 533
4 308 | Jou02 | L0250 | .0333] 108 375 W2%3 | Jaar | W335 W50 503 2167 .500] %83 .0L7 1.25 1.25
5 2,92 .00833| ,0250| 0833 | .335 | .92 L0833 .292| .708 | 2.92 08331 585 233 | 1.08 2.08 2.2
6 550 J1.98 | .7ho 648 | W43 f L34 ) 2,30 | 1.30 ,800 | 3.35 1,86 | Lha] 2,98 2.82 2.89
"t 3,53 |1.96 1.07 S0 | ks | B32 ) 2.80 1,37 6.50 4,37 | 3.20 | 6.92 5.67 7.62
8 h.h2 2,3% | 1.68 |h.97 | 8.22 | 6,45 h.75 {118 10,5 8.0L | 14.2 13.2 h.h
9 b5 | 5.7 | 2.68 | 6.56 | 12.8 14.8 10.3 15.9 | L0 | 19.7 29,8 29.8
10 k0.3 L5 | 3.70 | 6.2 k9.2 7.25 | 20.3 | 5.1 | 25.8 56,2 5h.8
11 20.2  |15.0 8.50 5.39 | 27.6 7.2 | 1,5 | 27.2 20,8 25,k
12 21,6 | 19.2 14,9 bl 55.9 | 28,8 | 55.3 6.1 5.8
13 36.0 43,0 36.5 60,2 | b5 | B2 101 115
1 154 271.5 70,8 |17k 93.3 200 202
15 82, 73.9 | 5.2 |10 98,3 16
16 170 155 182 211 57
17 328 202 Lor] 509
18 357 351 469
19 8335 1,100
20 1,960

L2T9¢T W VOVN

TS
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TABLE II.- PHYSICAL PARAMETERS
(a) Wing properties

Parameter Wing 1 Wing 2
Ay GEE v v v ¢ ¢ o o et s e s e e 63.6 64
Spsn, £t . et e e e e e e e e e e e 1.092 1.085
Penel span, ©£ + o« ¢ « o « « o o ¢ ¢ o o o @ 0.h21 0.418
br, f-t - L] L] L] L ] - - - - a [ a L ] - L] - e - - 0 L ] 21-!'7 0 a 2L"]+
xcg’ an . . . . - . - - - . ) - . - - [ - . O.ll-hg -------
gh’ a-vg - . L - . L L . . L . & . . L . 0-0283 0.02].6
Wfds e e e e e e 0.3158 0.2991
&2/035 0.7398 0.7196
Exposed panel mass, SIUEE + o « -« o ¢ « o o 0.00587 0.00681
fl, CPS - L] - - L] L] - - - - - L] - . . L] - . 108 160
f2’ CPS . . . - - L] « . - - a ' [ [ ) . - ] . 253 385
f‘3, CPS  + « o o « ¢ o « = ¢« « s & « o« s o & 3k2 535

(b) Measured mess properties of wing 1

. md Id‘sg 5.0 o) £ 1
Strip slués slug-£t2 slﬁg-’-ft » £8 10, 2, Tt
1 e s & s o o @ 0.00184 0.000187 | 0.0003435 1 0,056 | 0.438 | 0.1866
2 i i e e e e .00188 | .0001219 .000268 | .0833 | .360 | .1434
P .00120 | ,0000430 .000128 | .0833 | .276 | .1067
b, oo e ... .00067L | .00001297 .0000483 | .0833 .192 L0716
5 ¢« ¢ o o« o o o o .000241 | .0C000173 .000008k | .0833 .108 .0358
B v o s o o« o« « | 0000413 | .00000005 .0000009 | .0311 | .0521 .0208
(c¢) Corputed deflection properties of wing 1
Strip hy ho h3z o o 3

1 e s s e s s « » |0.00021 [-0.0017 ] C.00LL ) 0.00098 ] 0.00015 | -0.006k
2 . . @ . - - . L] . -Oll —0027 -059 -0267 "'.00.1.9 "01250
3 . e * ¢« @« & & & = -063 "-lL!2 -156 -1070 1019"1 —-ll-gell—
ll- « & e ¢ ¢ 4 & & -19)+ -.28)—: -158 -2597 .0972 ".8955
5 ¢ « a2 o 0 0 o o A79 -.2k2- 116 5970 5022 | -.6629
B e o« o e o e e 862 .59 662 .9311 .8892 .5918
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TAELE ITT,- BTRUCTURAL INFLUENCE COEFFICIENTS INFERRED AT CENIER OF GRAVITY OF SECTIONS OF WING 1, {-’_E X 10°
Load Poinis
Deflection
poinie .
1 2 3 L 5 6 7 8 9 10 11 12 13 1 15 16 17 18 19 20

1 0.212}0,00833)0,0020] 0,00183] 0.00150 0. 167 |0.0833|0.0335|0.0250| 0.0250| 0,100 | 0.075| 0,055 o0.0kL7| 0.242] o0.0733| 0.0558] o.1%0) o0.117 0.217
2 .208 | ,0108] .00258| .00233| .158 | .250 | .133 | .0833]| .oske| BT | .267 23] L0983 .175] 128 J0907| .2kt .200 o555
3 .208 | .00750) .00833) .0375| .125 | 325 [ .100 | .o9u7| .267 | .JuS8l 233 .192| Jar| .25 +233 5] 383 k2
4 267 | .180 | .0367| Jo6h2| .125 | .267 | 333 | .27 | 333 WA7| W97 | k17| 62T 817 8331 .96T 1.06
5 1.h2 .0333| .0583| .08%8| .367 | 1.92 L0458 .107] .04 | 2.08 292 L9335 | Lo 58| 1.3 .25
6 .12 11,98 | 798 | 587} W33 hooh | 2.25( 1.21 825 | 3.22 | 1,77 146 2.7 1 2.5 3.10
T 5,55 |1.96 | ¢8| .158 | 6. ki32] 2,591 1.4 | 615 | W21 bR 6,32 | 5.84 7.85
8 kb2 J2,32 | L.75 | 5.8 | 8.22} 6.0k | %.80 f[1i.k | 20.2 8.26 | 15.7 | 13.3 1%.8
9 5.07 22 § 2,52 | 6251235 | 16.2 9.92 | 17.2 2,7 20,% | 28.2 27,9
10 35.0 L57 | k25 |18.2 | na T.58 | 22.1 46,0 28.7 | 0.6 48,5
1 16.7 w5 | 810 6.10 |24.9 § 16.7 12.2 25,2 | 22,2 28.3
12 21,6 18,7 { 15.6 |38.,3 | 351 29,k 51,2 | k7.2 56.7
13 4o.8 | 52.7 |35.8 | 64.7 79.6 85,0 |09 18

1 18 29.2 | 75.2 |12 105 183 77

15 70,0 | 72.7 60+ |02 99.3

16 132 146 183 223 265

17 305 226 408 43k

18 339  |3680 502

19 764 958

20 1,'/00

L2I9GT Wd VOVN
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TAZLE IV.- COMEILATION OI' TEST ARD ANALYTICAL RESULTS

¥Wing penel bekavior ecde:
P - flutter
E - end of fialier (dynrmic pressure increesing)
D - low darpirg

| Sukseripls:
1, 2, 5 - easoclated with firat, second, or
of rflutter Curing test rux

<hird cecurrence

NACA RM 156127

. - Vos |9 Qar v,
|5t po1:e |y 298 | b (vefvnlstogs | e |eottors|zarin e e (Yoo | %8 | o (=] ome
i Y i e Bl B = A B o - Il ) e e S P B
1 1| =2 r [o.801]0.739 (s o] 16.55) 20k9 | 1269 | 2.9572f 7264 99711.387(1.678|1181] 0.3409 (0.L239)
L 2] 1 Ty | .856] .75+| .0025{29.13] 21k9 | 1165 | .9278| 929(1233{1.751(2.525[1083) .32k | L3155
1 31 1 Fp | 873 J7e3| 0023 367 2ik9 | 1125} .8836] 98lizi€|1.7Bsia.k03(1c2T| 3172 | L2951
2 Ty B8l L1561 .0023] 31.67) 21k amou b meeeof g8B8l127611 800 2. 503 1070] 320
3 Fp .929‘ 765 .co23|31.67] 21k9 | 1285 | .5330|1001|12762.886|2.h03(11k9] 3351 [ .2951
4 Ep | .962| .B06] .0c23[351.67] 249 | —-o= | eem—e 2028 12276]1.938]2.303 | 2218  .3uk3
1 Bl o1 7 | .822) 716 -0022|33.1x] 21hs | ailh | .col2] 929i1297(1.750|2.Mik| 963 .3ck2 | .30k2
2 B 862 L7595 L0023132.68) 2158 | mmem fomeeme 665 |2275]1.834 ) 2,403 1056 | 322
3 Tp | 919 775 cos3{31.66] 21bs { 1182 .g280f sédizvs{i.8€aiadozliinz] .3308 | .2952
i R o70) 315 L0c23] 5156 2149 | —eem foneemm 1039|2276 |1. 957 2. 403 223k | L2478 |emmem-
5 Dz Ji.172]l.hz| ,0ou0f18.21) 21h9 | -——- | ~---—]1278 (1032 [2.219)1. 45 ]2786] 5201
[ 7z 2.161f1.183 | ,2047|2s. 2149 2626 11.9682[1155] FT2{2.176{1.852{35162| .5330 | .5603
1 =] z Dy | .82¢] .766] .0032|23.50f 21k | w--n | ~e-—n=] 869]113%[1.657|2.1038]1264] .33TT
2 Fr 75| 764 | J0032|22.761 2149 1257 | .9653[ 8s7|1121]1.614]2.112{308kf 3383
1 6| 2 | -209] 7501 .0022)33.01| 213 f 1152 | 9062} 973 f1237)1.832[2.L4k |10k 7| 3185
2 B L] 185 | JOC22)35.11] 214D —— ) ————— 1016 1297 . gahf2. 0k 21k 5326
3 Dy |r.23:]i.274 | L0080]18.21 219 | 257 | .9e3i1eil|1031]a.281f1. 905 23| L5345
) Tz |1.238]1.230 | J00%n[18.55] 21k | 2513 1209 996[2.278|1.677 321k | .560%
1 T 2 Dy | .87 o726 J0024)30.35] 29 | cmae 916|125 11,7250 2,362]|1008 | 512k |
z Fr | .905] 7EC) 0025)29.13] 219 | e 211234 |1.812)2.524 11149 3358
3 % | .5%0] .833] .0025{ag.23{ 2149 | w-me 1028 [1251: |1.936 (2. 52k [1328] .3
1 g1 1 F; | 820 745 .0029|25.12| 2143 | 1257 858 f11sh |2.65412.195|1c90| 3261
b s 1 F, | .82} .725] o025l29.35) 21hg | 1169 | .9120| 88z hashir.e62f2.52h | 976f .3cdc | L32th
2 D | 973 «2u2| .0027[25.98| 2149 | ---- 1009 [2198 1. 300|2.256 |1572
3 Dp [1.087{1.063 | oo¥2|17.76] =249 | a--- -~ 1086 |1022 |2.C7| 1. 925 |skoR
" Fo [L.07012.231 1 0003113} 2143 | 230 {1.8285)004 | 932{1.585)1.755]2925
1 jie] 3 7y | .852] J701 ) .0022|33.01f 2ik9 | 1200 | .86E5] cogfi2gThr.Ti3l2. Lk | 927
2 By | .992) .801{ .0022§35.00 2149 | —--= fem—eee 2¢39 j1e97 [1.958] 2,44k 11168
3 Bp [L.ERI[1,291 | 00531137 | 2V'G | =nmm fomeu—e 1202} 93212.265|1.755 3846
3 Fp [r.228|z.’13 | .c060|12.1k| 2149 | 33b2 |2.320h 1175 85k [2.223)1.685b152] .6351 | .6605
1 Jzif a2 7y | 823) J7O- | J002c|29.15| =21k5 | 1350 | L6962| £45|123h [1.635]2.3zh| 9301 L3030 | 3272
- By | 935} 796 | c0025(20.23) akG | —emw fowm—-e o6z 2234 [1.6u9]2.32k 11092 | ,3kE5 fu-mww-
3 S p.is2lias6 | .omefi7al) 2149 | ocemw 1{101312.149[1.903[2745 | 5161 [=-m=--=
b Fy [L156[1.156 | L00W5(25.19] 21k | 2476 |1.8543 11k2| 968)2.1%2)1.8621291T| .5350 | .5355
1 J12] 1 | .8z0| 680 [ .0022|33.21] ziwg 5¢ 1297 |1.862|2.4hbs
2 Zo 0381 .872 | .0025|31.67] 243 ———— 1276 |2.095)2.40%
3 Dy [l.25+[2.336 | .0051[14.26| 2149 | ---- ouiz |2.380(1. 779
L Fp [L.261[1.355 | .0056[15.00| 2k | - 915 f2.3352]1. 728
L [z 1 Fp | .75} .59% | .0025]29.23| =249 | 1150 L 1233 [1.610]2.323
2 B, J98T| Buk | LO02T]25.66| 2149 — 111198 15,505 12,256
] 25 [.os3l.o8g|.oovs5l16.28] 2149 | - 668 [2.c27]1.862
4 Fz [L.Chi: E.u'r 005411345 24s | 2513 926 1,583 11, Tul
2 1] 1 Dy | .38 |--m- Souszlec.zz| 33s2 | 2571 e [10165 | -eemn
-] Ty [T S .0055[15.75( 3362 1552
2 2| 1 Dy | o573 fomeem .0052|16.6- | 3262 | ----
2 Fy [ 465 |mmemm L0066)23.12 | 3362 | 1755
2 3| 1 Fa oG5 [--wm- | .0C53[16.38 | 3382 | 1578
2 5 1 | vy |.Ecf-—- 055 {0nt 3362 | -—-m
2 LY o842 |- mmmm <006T(12.9L | 3362 1816




WING 1 WING 2 ! ,

 Aogron 1.

chord

636° Rounded-

NaTLC:
A1 hols spacing | inch
center-to-center

NOTE:
All dimensions In Inches

NOTE: Entlre wing panel
wrapped with fibergloss

11
11

h

Q872
Q672

A

s
I'—l 5—
I
Wing mounting Hn¢7
— _,%_ — e . Finergiass Foam [ 2024
-Q
cozh- 0003 thk % plastic i aluminum

1

. —J5—
3 5,01
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Figure 1l.- Sketch of 64° delta wings showing construction details and
dimensions.
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Figure 2.- Variation of ratio of averege thickness (over flat part of
wing) to chord along wing span for wings 1 and 2.
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Figure 3.- Measured and calculated coupled natural vibration frequencies
and node lines, shaker location, and strain-gage positions.
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Figure 4.- Sketch of wing 1 showing strips, iniluence-coefficient sections,
stations, and section center-of-gravity positions.
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(a) First mode - calculated frequency 107.9 cps.

Figure 5.- Calculated strip mode shapes and root-mean-square strip mode
shapes of wing 1.
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(b) Second mode - calculated frequency 21k.kt cps.

Figure 5.~ Continued.
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Figure 5.- Concluded.
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Figure 6.- Variation of dyraric pressure at flutter with Mach number for
wings 1 and 2.
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Figure 8.- Variation of ratic of flub
nantly torsion frequency with Mach number for wings 1 and 2.
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Figure 9.- Variation of tumnel dynamic pressure with Mach number for a
typical tunmnel run on wing 1, during which flutter apparently occurred
in two modes.
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Figure 10.- Variation of flutter speed ratio with Mach number for wing 1.
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Figure 1ll.- Variation of ratio of experimental to calculated flutter
frequency with Mach number for wing l.
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